Combined PI3K/Akt and Smad2 Activation Promotes Corneal Endothelial Cell Proliferation.
The purpose of this study was to develop a culture method for expansion of corneal endothelial cells (CEC) based on the combined activation of PI3K/Akt and Smad2. Morphology, proliferation, and migration of cultured rabbit and nonhuman primate CEC were examined in the presence of the PI3K/Akt activators IGF-1 and heregulin beta in combination with the Smad2 activator activin A. Phenotypic characterization of CEC was performed at the RNA and protein levels. Cell pump function and transepithelial electric resistance were used for in vitro functional assessment of CEC. Finally, ex vivo-expanded rabbit CEC were transplanted into a model of endothelial damage in rabbit corneas. Treatment of rabbit and nonhuman primate CEC in vitro with IGF-1, heregulin beta, and activin A induced an upregulation of PI3K/Akt and Smad2 signaling pathways and an increase in proliferation and migration of CEC expressing ZO-1, connexin-43, and Na+/K+-ATPase. Cell pump function evaluation revealed the complete functionality of cultured CEC. Injection of rabbit CEC successfully produced recovery of normal corneal thickness in a rabbit model of endothelial dysfunction. We demonstrated that the combined activation of PI3K/Akt and Smad2 results in in vitro expansion of phenotypic and functional CEC. Expanded cells were able to contribute to restoration of corneal endothelium in a rabbit model. These findings may represent a new therapeutic approach for treating corneal endothelial diseases.